The feeding habits of Padogobius bonelli (Bonaparte, 1846) were studied in two sites in the Orba stream (NW Italy), characterised by natural or altered flow conditions. The species fed mainly on aquatic insects, positively selecting Chironomidae, Simuliidae, Hydroptilidae and negatively Baetidae and other taxa. We hypothesised that size, mobility and handling time were on the basis of the detected feeding preferences, more than prey abundance in the substratum. When studying the variation of the diet with size, we detected that trophic spectrum of the species increases with fish dimensions. Comparing the populations of the two sites, we detected some interesting differences: fish from the natural flow site were generally larger and presented a broader trophic spectrum than fish from the altered flow site. Our study supports the hypothesis that fluctuating water levels may have evident impacts at different biotic scales, from biodiversity reductions to diet alterations.
Introduction
As stated by Monakov (2003) , there is no discipline in hydrobiology that does not require elements coming from the study of the feeding and nutrition of aquatic animals. In fact, understanding feeding relationships and characterising trophic positions is fundamental to better understand basic and applied elements of stream ecology. In the last few years, there has been a growing interest in the trophic ecology of aquatic organisms of Italian freshwater ecosystems, such as insects (e.g. Bo et al. 2007; ), macrocrustaceans (e.g. Scalici & Gibertini 2007) and fishes (e.g. Balestrieri et al. 2006; Cammarata et al. 2008; Fochetti et al. 2008) .
The family Gobiidae (Osteichthyes: Perciformes) is represented in the Italian inland waters by five species that show different geographical distribution and ecological habits. Padogobius bonelli (Bonaparte, 1846) , earlier known under the name Padogobius martensi (Günther, 1861) , is distributed in the northern Adriatic basin, from Vomano (Italy) to Krka drainages (Croatia) and in the subalpine lakes in Po drainages (Kottelat & Freyhof 2007) . This species has been introduced in most of western and central Italy (Kottelat & Freyhof 2007) . This fish exclusively inhabits freshwater, in a wide variety of stream, river and lake habitats with coarse substrata (Kottelat & Freyhof 2007) . This little Gobiidae species reaches a mean length of 6-7 cm (exceptionally 9-10 cm) and has benthic habits during its juvenile and adult life (Zerunian 2002) . The breeding season usually extends from the beginning of May to early July (Gandolfi et al. 1991) . This species shows high territorial habits in both sexes: individuals defend small areas in the riverbed, with an evident preference for large cobbles and boulders located in fast flowing waters (Lugli et al. 1992) . It is well known that *Correspondence: T. Bo, Dipartimento di Scienze dell'Ambiente e della Vita, Università del Piemonte Orientale, Via T. Michel 11, Alessandria 15121, Italy. Tel: +39 0131 360231. Fax: +39 0131 360243. Email: tbo@unipmn.it erosive environments are the most colonised areas in the riverbed (Downes et al. 1998; ): in these microhabitats, P. bonelli takes advantage of high amounts of invertebrate preys and high levels of dissolved oxygen (Gandolfi & Tongiorgi 1974) . Usually the dimensions of the territory are proportional to the size of the specimens and many studies underline the strong aggressive behaviour of this species (Bisazza et al. 1989) . Like other Gobiidae, this species also shows acoustic communication mechanisms, which are particularly important in territorial and mating behaviours (Torricelli et al. 1987 (Torricelli et al. , 1990 . The studies on feeding habits of Gobiidae started with estuarine and marine species and only in recent years have freshwater species been investigated (Miller 2003) . Generally, Gobiidae are considered to be benthic feeders, with a diet dominated by crustaceans and molluscs (Charlebois et al. 1997) . It is well known that some Gobiidae species are scarcely selective feeders, ingesting amounts of sediments and associated organisms (Carle & Hastings 1982) , while many others show evident trophic preferences. For example, Adámek et al. (2007) , comparing the diet of four species from South Slovakia, reported that there are some differences among them, and also that Amphipoda, Diptera Chironomidae, Trichoptera Hydropsyche sp. and two Ephemeroptera species nymphs (Ephoron virgo, Potamanthus luteus) always represented the most important food items. Amphipoda constituted the most important food item in another Gobiidae, Neogobius gymnotrachelus, that also showed a marked preference for Chironomidae and, to a lesser extent, for Diptera Ceratopogonidae, Anellida Oligochaeta, adult Diptera and Copepoda (Grabowska & Grabowski 2005) .
Padogobius bonelli is generally considered a benthic predator, feeding on stream invertebrates and fish eggs, but little information is available regarding its diet. The aim of our study was to analyse the diet of P. bonelli in an Apenninic lotic system, investigating the existence of feeding preference patterns and variations in relation to the size. We also hypothesised that hydrological conditions may have some influence on the fish diet. In fact, interestingly, the studied population inhabits a river reach affected by a small hydroelectrical plant. It is well known that reduced or altered flows, and in general fluctuating water levels, can have strong effects on lotic biota (Allan & Castillo 2007) , such as habitat reduction (Dewson et al. 2007) , functional ecosystem alterations (Young et al. 2008 ) and decrease of biological richness and diversity ), but few data are available about their effects on trophic ecology of freshwater fish.
Material and methods
The study area was a reach of the Orba stream (NW Italy), near Molare (Alessandria district). Samples were realised in two sites: Only 3020 m separate the two stations, but they show very different hydrologic conditions. Site 1 has a natural flow, depending on natural precipitations, while Site 2 experiences high and unpredictable water level variations because it receives tailwater from a small hydroelectric plant: in this section, flow can augment or diminish in an unpredictable way, with changes that are in the range of 1-2 m 3 /s in a few minutes. Streambed width varies rapidly (with a 30% increase in a few minutes) and water current shows unpredictable variations, ranging from 0.2 to 0.9 m/s. Some physicochemical parameters were measured in both sites at the end of each sampling period; two ecotoxicological tests were also performed ( Table I ). The fish community is characterised by the presence of few species, such as Barbus plebejus (Bonaparte, 1839), Squalius cephalus (Linnaeus, 1758), Alburnus alburnus alborella (De Filippi, 1844) , and in depositional areas Cobitis taenia Linnaeus 1758.
Gobies were caught by using a Scubla IG200/2 electro-fishing device. In total, 120 specimens of Padogobius bonelli were collected: in two dates (5 October 2007 and 3 July 2008) 30 gobies were captured in each site (30 specimens/station/two dates). Each goby was measured (total length) with an accuracy of 1.0 mm. Digestive tracts were removed, stored in 90% ethanol and brought to the laboratory. Gut contents were analysed with a Nikon SMZ 1500 light microscope (60-100×) coupled with a JVC TK-C701EG videocamera. Identification of prey was based on sclerotised body parts, particularly head capsules, mouthparts and leg fragments. Organisms in guts were classified generally to genus or family level. Stewart and Stark (2002) stated that the count of sclerotised fragments (i.e. head capsules or legs) can give a reasonably accurate count of prey consumed. Gut contents were also compared with the natural composition and abundance of macroinvertebrate communities. In fact, using a Surber net (20×20 cm; mesh 255 μm), 145 samples were collected in the same period in the two sites to assess the presence and abundance of the taxa of the natural benthic invertebrate population (n = 67 Surber samples in Site 1, 33 in October and 34 in July; and n = 78 in Site 2, 38 in October and 40 in July). Samples were preserved in 90% ethanol. In the laboratory, all organisms were counted and identified to genus or species level, except for Oligochaeta and early instars of some Trichoptera and Diptera, which were identified to family or sub-family level. To investigate the existence of feeding preferences, we compared gut contents with natural composition and abundance of macroinvertebrate community in the riverbed using the trophic electivity index of Ivlev (1961): where ri = relative abundance of a particular taxon in the diet and pi = relative abundance of the same taxon in the benthic community. The formula considers the number of taxa (i) found in the diet. The index ranges from −1 to 1. A value of −1 means total avoidance, 1 indicates preference and 0 indicates indifference.
For statistical analysis, STATISTICA software (StatSoft 2005) was employed. Normality of the variables was assessed by means of a KolmogorovSmirnov test and, because variables studied were not normally distributed, non-parametric statistics were used in all cases. Thus, for assessing if there was a correlation between fish size and the number of prey items, between fish size and the number of taxa ingested, and between fish size and number of individuals of each taxonomic group of prey, a Gamma correlation test was used, which is the best choice when data present a high degree of range overlapping (Guisande González et al. 2006) . To evaluate whether significant differences existed between sites in fish total body length, number of prey eaten, and number of taxa eaten, a MannWhitney test was employed.
Results
A list of total macroinvertebrate taxa collected (% of individuals) at each site is reported in Table II . All analysed individuals, except one from Site 2, presented some kind of gut content. Padogobius bonelli in the studied sites fed mainly on macroinvertebrates, particularly aquatic insects (Table III) . Coarse and fine particulate organic matter, algae, vegetal matter, and sand were found only punctually in the guts, and they were probably ingested incidentally or came from the prey guts. The only nonmacroinvertebrate prey widely consumed were Crustacea Daphnia spp., especially by the Site 2 population. The most important macroinvertebrate prey in the guts were larvae of Diptera Chironomidae: they constituted 46.0% of the total ingested items in the population from Site 1 and 30.4% in the Site 2 population, and they were present in almost all guts. Other important prey were, in order of abundance, Trichoptera Hydroptilidae, Trichoptera Hydropsychidae, and Ephemeroptera Baetidae (particularly Baetis sp.) in Site 1 and Trichoptera Hydroptilidae in Site 2. Unusual components of the gut contents were terrestrial insects and two fish scales, the latter probably ingested incidentally when feeding on other trophic resources. When comparing the macroinvertebrate community composition of the riverbed with the ingested prey by means of the Ivlev's index (Figure 1 ), we observed in the Site 1 population a clear preference for Trichoptera Rhyacophilidae, Hydroptilidae and Psychomidae and Diptera Chironomidae, while some other taxa, such as Hydracarina, Baetis sp., Habroleptoides sp. and some Coleoptera and Diptera, also abundant in the riverbed, were consumed in smaller amounts. In the Site 2 population, Trichoptera Hydroptilidae, and Diptera Tipulidae and Empididae were preferred, while Hydracarina, indeterminate Diptera and Plecoptera Leuctridae (particularly Leuctra sp.) were less consumed, although some of them were common in the substratum.
Regarding the influence of the size in the diet of this species, we noticed that some prey tend to be more common in the gut of bigger specimens. This was the case in Site 1 of Ephemeroptera Baetis sp. and Trichoptera Hydroptilidae (Gamma correlation = 0.47 and 0.44, respectively, p < 0.05). In Site 2 there was a positive correlation between size and the number of Ephemeroptera Baetis sp., Trichoptera Philopotamidae, Hydropsichidae and Hydroptilidae, and Diptera Limoniidae and Tanypodinae (Gamma prey eaten (Gamma correlation = -0.19, p < 0.05), but not with the number of taxa eaten (Gamma correlation = 0.19, p > 0.05).
Comparing the two populations, there were differences in body size between sites (Mann-Whitney U = 1357.5, p < 0.05). Mean total body length in Site 1 was 49.15 mm ± 0.65 SD, while in Site 2 it was 46.15 mm ± 0.59 SD. Thus, fishes from Site 2 were smaller than those from Site 1, where the flow is natural, not unpredictably variable. Comparing diets, there were no differences in number of prey eaten by individuals from each population (Mann-Whitney Table III . Number of items, percent relative abundance in the gut, and mean, minimum and maximum values for macroinvertebrates found in the gut of the two Padogobius bonelli populations.
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Discussion
In field studies, gut content analyses are the most diffused method to investigate prey choice and diet in lotic organisms (Allan & Castillo 2007) . The analysis of the gut contents of Padogobius bonelli shows that, in the studied area, this species feeds mainly on aquatic insects, while Mollusca, Crustacea and other items are only present in their guts occasionally, contrary to findings in some other species of freshwater Gobiidae (e.g. Charlebois et al. 1997) . Analysing diet preferences, we can assume that P. bonelli feed mainly on insects selected on the basis of some characteristics: preferred items are generally medium or large-sized, scarcely mobile, closely associated with the riverbed, generally soft-bodied and without hard exoskeleton, spines or some other morphological defences, such as Trichoptera Rhyacophilidae, Hydroptilidae and Polycentropodidae, and Diptera Chironomidae, Limoniidae and Tipulidae. This result agrees with the 'Optimal foraging theory' (Krebs 1978) , that states that predators include in the diet the most profitable preys on the basis of different elements, such as energy contents (i.e. size), encounter rate, prey density, handling time and others. For this reason, other invertebrates, also abundant and widespread, were not positively selected: this is the case of the very mobile Ephemeroptera Baetidae and Leptophlebiidae and also of the small-sized Hydracarina. The small percentages of coarse and fine particulate organic matter in the guts, together with a lower percentage of sand and gravel, are probably a consequence of the feeding method of this species that collects its preys directly from the riverbed, as some other Gobiidae species (Carle & Hastings 1982; Charlebois et al. 1997) . The strong preference for benthic preys probably diminishes interspecific competition with the Brown Trout (Salmo trutta trutta L., 1758), a Salmonidae that usually lives in the same lotic environments, but that captures preys in the whole water column, ingesting high amounts of drifting and terrestrial insects (Montori et al. 2006; Fochetti et al. 2008) .
In this study, a general increase of trophic spectrum was detected in larger fishes: bigger goby specimens ingested larger number of taxa. Probably, with the increase in length, there is an associated increase in the ability to handle and devour different taxa.
Comparing the two nearby located populations of P. bonelli, we detected some interesting differences: fishes from Site 1 were generally larger and ingested more taxa than fishes from Site 2. No significant differences were detected in the chemical characteristics and in the macrobenthic communities between the two sites, so we could hypothesise that differences in flow could be on the basis of the observed differences. In fact, fluctuating water levels may inhibit movements, habitat exploration and prey encounters in the downstream site: rapid changes in current velocity and riverbed area may have a strong impact on diet composition and subsequently on development and final size of gobies. Improvements of the autoecological knowledge, for example by means of diet analysis, could be very important for the protection of this species that recently seems to be vulnerable (Miller 2003) .
